
RISK DETERMINATION FACT SHEET 
PROBLEM DEFINITION: What are the 
risks associated with the soils surrounding the 
OU4 Solar Evaporation Ponds, and how were 
the risk- based preliminary remediation goals 
calculated? 

SOLUTION METHODOLOGY: Calcula- 
tions based upon acceptable risk levels were 
performed in order to determine the areal ex- 
tent of contaminated soils and volume of soils 
that required remediation. These calculations 
were performed following EPA Risk Assess- 
ment Guidance for Superfund Manual (Envi- 
ronmental Protection Agency, 199 1). As speci- 
fied in the Interagency 
OU4 soils require 
remediation if the car- 
cinogenic risk exceeds 
1 .Ox IOd. The meaning 
of this number is that 
an individual would 
have a one in one mil- 
lion chance of con- 
tracting a cancer from 
OU4 exposure in ex- 
cess of the probability 
of receiving cancer 
from other lifetime ex- 
posures (e.g. smoking, 
UV exposure). As de- 
scribed in detail below, 
the calculations were 
performed for surface 
soils under an onsite 
resident exposure sce- 
nario, and for subsur- 
face soils under a con- 
s truc tionhemediation 
exposure scenario. 

The procedure for cal- 

Agreement (IAG), the 

nation of soils requiring remediation is com- 
plex, as demonstrated in Figure 1. The proce- 
dure requires a knowledge of background con- 
stituent concentrations, constituent concentra- 
tions from the OU4 site, statistics, scenarios for 
exposure to the constituents, toxicity informa- 
tion for the constituents, and risk equations. The 
following discussion presents the methodology 
followed to determine the risk-based PRGs as- 
sociated with Solar Evaporation Pond (SEPs) 
soils and to determine the amount of soil re- 
quiring remediation. 

The Phase I RCRA Facility Investigatiofle- 
medial Investigation (RFURI) sampling and 
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analysis results provide 
the data with respect to 
the constituent concen- 
trations in the vicinity 
of OU4. Background 
constituent concentra- 
tions in soils are pro- 
vided from the Rocky 
Flats Environmental 
Technology Site 
( R E T S )  buffer zone 
(upgradient from the 
OU4 SEPs). These 
two distinct data sets 
were compared statis- 
tically to determine if 
the OU4 concentra- 
tions were significantly 
higher than the back- 
ground concentrations. 
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vironment (CDPHE) for use throughout the 
WETS. Statistical analysis was performed for 
surface soils and subsurface soils (vadose zone) 
separately because some constituents are con- 
taminants in surface soils but are not contami- 
nants in subsurface soils, and vice versa. If an 
OU4 constituent is statistically significantly 
higher than the background concentration, then’ 
it is a potential contaminant of concern (PCOC). 
Table 1 provides a list of the OU4 PCOCs in 
both surface and subsurface soils. 

Contaminants that are present at high enough 
levels to require action are called contaminants 
of concern. Risk-based PRG calculations are 
performed to determine if an OU4 PCOC gradu- 
ates to a contaminant of concern (COC). A 
PCOC does not become a COC unless its risk 
at OU4 exceeds the 1 . 0 ~ 1 0 ~  target level. Le., 
if the concentrations of a OU4 PCOC (based 
on the Phase I RFURI results) exceed the PRG 
concentration, then the PCOC becomes a COC. 
Any OU4 soils having COC concentrations ex- 

TABLE 1 
LIST OF THE OU4 POTENTIAL CONTAMINANTS OF CONCERN 

Surficial Soil 

Radionuclides 
Americium-24 1 
Cesium- 134 
Gross alpha 
Plutonium-239,240 
Tritium 
Uranium-233,234 
Uranium-235 
Uranium-238 

Metalshorganics 
Beryllium 
Cadmium 
Calcium 
Mercury 
NitrateDJitrite 
Silicon 
Silver 
Sodium 

Organics 
Benzo(a)anthracene 
Benzo( a)pyrene 
Benzo( b)fluoranthene 

Benzo( ghi)prylene 
Benzo(k)fluorathene 
Bis(2-ethylhexy1)phthalate 
Chrysene 
Di-n-butyl phthalate 
Fluoranthene 
Indeno( 1,2,3-~d)pyrene 
Phenanthrene 
Pyrene 
Aroclor- 1254 

urface Soil 

Radionuclides 
Americium-241 
Cesium- 134 
Cesium- 137 
Gross beta 
Plutonium-239,240 
Radium-226 
Strontium-89,90 
Tritium 
Uranium-233,234 
Uranium-235 
Uranium-238 

Metalshorganics 
Barium 
Cadmium 
Calcium 
Lithium 
Manganese 
Nitraternitrite 
Potassium 
Sodium 
Sulfide 
Zinc 

Organics 
2-B utanone 
Acetone 
Bis( 2-ethylhexy1)phthalate 
Chloroform 
Di-n-butyl phthalate 
Methylene chloride 
Toluene 
Cyanide 
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TABLE 2 
CALCULATED PRGs 

Potential Contaminants SURFICIAL SOILS SUBSURFACE SOILS 
of Concern PRG Residential PRG Construction Worker 

METALSnNORGANICS 
Eb-ium (mg/kg) 6986.85 

18.80 Cadmium (mg/kg) 0.060 
Cyanide (mg/kg) 4945.80 
Manganese (mg/kg) 346.5 1 
Mercury (mg/kg) 0.18 
Nitrate (mg/kg) 15815.84 3 17637.92 
Nitrite (mgkg) 988.49 19852.37 
Silver (mgkg) 148.27 
Strontium (mg/kg) 119114.22 
Uranium (mg/kg) 1.85 61.66 
Zinc (mgkg) 63747.50 
vocs 
2-butanone (pg/kg) 47697330.79 
Ace tone (pg/kg) 5962 196.64 
Chloroform (pg/kg) 98400.00 
Methylene chloride (pg/kg) 78900.00 
Toluene (pg/kg) 11924342.79 
SEMI VOCs 

Beryllium (mg/kg) 0.0019 

Benzo(a)anthracene ( F a g )  7.40 
BenzoWpyrene bgkg)  0.74 
Benzo( b)fluoranthene (pg/kg) 7.40 
Benzo(k)fluoranthene (pgkg) 74.02 
Bis(2-ethylhexy1)phthalate (pgkg) 2686.37 49980.44 

(continued on next page) 

ceeding the PRGs requires remediation. Amea- 
sure of conservatism was included in the PRG 
calculations by predicting the cumulative ef- 
fects of the various OU4 contaminants. Cumu- 
lative individual risks were considered by di- 
viding the target risk level ( 1 . 0 ~ 1 0 ~ )  by the 
number of contaminants afTec ting the same tar- 
get organ. Therefore, in the PRG equations, if 
5 contaminants affected the same target organ, 
then the IAG mandated acceptable risk level 

( 1 . 0 ~ 1 0 ~ )  was divided by the number of con- 
taminants effecting the organ (5) to establish 
an organ specific target risk level for each of 
those contaminants (l.0x106/5 or 2.OxlO'). 

PRGs were calculated separately for the sur- 
face and subsurface soils because the exposure 
scenarios for these soils are different. An ex- 
posure scenario is an important factor in calcu- 
lating a risk-based PRG. An exposure scenario 
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(continued from previous page) 

TABLE 2 (continued) 
CALCULATED PRGs 

Potential Contaminants SURFICIAL SOILS SUBSURFACE SOILS 
of Concern PRG Residential PRG Construction Worker 

Chrysene (Clg/kg) 137.39 
Di-n-butyl phthalate (pg/kg) 1735035.2 1 424889 13.53 
Fluoranthene (pg/kg) 63547.33 
Indeno( 1,2,3-cd)pyrene ( F a g )  7.40 
Pyrene (Clgncg) 35745.38 
OTHER 
Aroclor- 1254 (pgkg) 11.87 
RADIONUCLIDES 

Cesium- 134 (pCi/g) 0.001 0.06 
Cesium- 137 (pCi/g) 0.16 
Plutonium-239 (pCi/g) 0.38 1.16 
Plutonium-240 (pCi/g) 0.38 1.16 
Radium-226 (pCi/g) 0.05 
S trontium-89 (pCi/g) 78.80 
Strontium-90 (pCi/g) 7.42 
Tritium (pCi/g) 1630.00 4950 
Uranium-233 (pCi/g) 5.25 16.70 
Uranium-234 (pCi/g) 5.32 16.70 
Uranium-235 (pCi/g) 0.02 0.80 
Uranium-238 (pCi/g) 0.077 3.86 

Americium-241 (pCi/g) 0.27 1.09 

Benzo(ghi)pe&lene- ( p g k g )  -- 
Lithium ( m a g )  -- 
Sodium (mg/kg) -- 
Phenanthrene (pgkg) -- 

-- 

is established to identify the pathways by which 
humans can be exposed to PCOCs. The expo- 
sure scenario is used to develop the equations 
for the actual risk-based calculations. A future 
onsite resident was selected as the exposure 
scenario for the surface soils. This is a conser- 
vative exposure scenario because it assumes that 
the RFETS will be open to the public for a hous- 
ing development at the edge of the SEPs and 

resident receptors are assumed to spend more 
time at a site than workers or individuals using 
the site for recreation. The fact that this expo- 
sure scenario is conservative indicates that the 
risk will tend to be overestimated and that ad- 
ditional surface soils may be included in the 
remediation activities than is necessary to pro- 
vide the required level of protection. Under the 
calculated residential exposure scenario, chil- 
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dren and adult receptors were exposed to con- 
taminated surface soils through incidental in- 
gestion, dermal contact, and inhalation of 
windborne particulates. A construction/ 
remediation worker exposure scenario was se- 
lected for defining the subsurface soils that may 
pose a risk. This exposure scenario is not as 
conservative as the onsite resident scenario. The 
onsite resident scenario was not selected for the 
subsurface soils because according to the EPA’s 
Risk Assessment Guidance for Superfund, 
onsite residents are not routinely exposed to the 
subsurface soils. Under the onsite worker ex- 
posure scenario, an adult receptor was exposed 
to contaminated subsurface soils through inci- 
dental ingestion, dermal contact, and inhalation 
of particulates that may be mobilized during 
construction activities. The primary difference 
between the onsite resident and construction/ 
remediation worker scenario calculations are 
the soils they are exposed to (surface soil for 
the onsite resident, and subsurface soil for the 
constructionhemediation worker), and the 
length of time over which the exposure occurs 
( 30 years for the onsite resident and 10 years 
for the constructionhemediation worker). Risk- 
based PRGs were calculated for each PCOC 
for both exposure scenarios via standard EPA 

risk equations. Table 2 provides the PRGs for 
the PCOCs. 

SOLUTION: The calculated risk-based PRGs 
were compared to the actual OU4 field con- 
centrations of the PCOCs to determine the 
COCs. Table 3 provides the COCs for OU4. 
The proposed Interim Measureflnterim Reme- 
dial Action (IM/IRA) will remediate surface and 
subsurface soils within OU4 which have COC 
concentrations that exceed the risk-based PRGs. 

The risk associated with the no action alterna- 
tive can be estimated using the same PRG equa- 
tions as previously discussed by inserting cur- 
rent soil concentration values and comparing 
the result to the 1.0~10” acceptable target risk 
level. The results of this analysis indicate that 
the risk from the radionuclide contaminants at 
OU4 exceed ~ . O X ~ O - ~  (one chance in a thou- 
sand of contracting an excess cancer), and 
3.0~10” (three chances in a thousand of con- 
tracting an excess cancer) from chemical COCs 
at the site. 

The details of this analysis is discussed in Part 
111, Section 2 of the OU4 IM/IRA-EA Deci- 
sion Document. 

TABLE 3 
CONTAMINANTS OF CONCERN 

Surface So ils Subswace Soils 

Beryllium 
Cadmium 
Benzo(a)anthracene 
Benzo( a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 
Phenanthrene 
Bis(2-ethylhexy1)phthalate 
Chrysene 

Indeno( 1,2,3-~d)pyrene Cadmium 
Aroclor- 1254 Americium-241 
Americium-24 1 Plutonium-239 
Cesium- 134 Plutonium-240 
Plutonium-239 Radium-226 
Plu tonium-240 Uranium-235 
Uranium-233 Uranium-238 
Uranium-234 
Uranium-235 
Uranium-238 
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